Abstract: Previous studies in monocytes and other cell types have provided evidence of a role for the NF-κB pathway in interleukin 6 (IL-6) induction. The purpose of the present study was to examine the involvement of NF-κB in the induction of the IL-6 promoter in skeletal muscle cells by endotoxin (lipopolysaccharide [LPS]), tumor necrosis factor alpha (TNFα) or IL-1α. Transfection of C2C12 mouse myocytes with a luciferase reporter under the control of the IL-6 promoter indicated each immunomodulator enhanced IL-6 promoter activity. Mutation and inhibitor studies indicate this response was dependent on the IL-6 NF-κB binding site, but independent of NF-IL6, AP-1, CREB or C/EBP. Cotransfection with an expression vector which constitutively activates the RelA pathway increased IL-6 promoter activity, and activity could not be further enhanced by cytokines or LPS. However, cotransfecting various dominant negative upstream NF-κB kinase expression vectors which inhibited RelA or RelB pathways either individually or in combination had no effect on LPS-induced activation of the IL-6 promoter, but abolished induction from a NF-κB-based promoter. This lack of effect was not due to a lack of NF-κB pathway activation in C2C12 myocytes because both Western analysis and EMSA supershifting showed an LPS-induced increase in nuclear RelA and RelA phosphorylation. However, another protein was observed bound to the IL-6 NF-κB site that does not bind to a consensus NF-κB site. The present findings provide novel insights on inflammation-induced stimulation of IL-6 promoter activity in skeletal muscle which is an important but non-traditional component of the innate immune system.
Introduction
Muscle wasting is a major consequence of infection (eg, sepsis, AIDS) or injury (eg, trauma, burn, alcohol). 1 During such conditions, tumor necrosis factor-α (TNFα), interleukin 1 (IL-1), and IL-6 are released by the damaged tissue and leukocytes activated as a result of stimulating the innate immune system. 2 These cytokines are responsible for at least part of the observed metabolic responses. [3] [4] [5] [6] Gram-negative lipopolysaccharide (LPS) also induces the expression of these cytokines. The presence of LPS, as well as TNFα and IL-1, stimulates the transcription of IL-6 in different cell types, such as endothelial cells, fibroblasts and monocytes/macrophages located at the site of injury as well as from fixed macrophages within the liver and spleen. Skeletal muscle also participates in the innate immune response by promoting the synthesis and secretion of IL-6 in response to infection and injury. MRE I, -173 to -151, contains a typical CRE/TRE responsive motif (eg, cAMP, phorbol esters), while MRE II, -158 to -145, contains a NF-IL6 (eg, C/EBPβ) binding site, but is also responsive to cAMP, TNFα and IL-1. There is also a NF-κB site, -73 to -64, in the IL-6 promoter which is necessary for induction by IL-1 and LPS. Interestingly, the transcription factors binding to the IL-6 promoter which increase IL-6 expression appear to be dependent on the inducer as well as the cell type. For example, IL-6 is induced by cAMP in fibroblasts and epithelial cells, 9, 10 but not in monocytes and macrophages where cAMP agonists inhibit LPS induction. TNFα can also induce IL-6 expression in numerous cell types including fibroblasts, endothelial cells and keratinocytes, and Figure 1 Involvement of known cis elements in IL-6 promoter activity. A, Map of the IL-6 promoter indicating the elements present. Panels B-F, C2C12 myocytes were transfected with different luciferase-containing IL-6 promoters in which selected regulatory sequences were mutated and subsequently cultured with LPs, TnFα, IL-1α or the combination as described in methods. Myocytes transfected with IL6-651Luc, a luciferase reporter under the control of a wild-type IL-6 promoter, were used as controls. In general, under basal conditions (eg, no LPs or cytokines), there was no difference in promoter activity between the wild-type control and the promoter with the nF-κB mutation (data not shown). however, the three other IL-6 promoters with mutated sequences had a 15%-20% lower basal activity than that detected in myocytes transfected with the wild-type (WT) IL-6 promoter (data not shown) but such differences did not influence data interpretation.
Notes:
The results shown represent the mean ± seM of 4 to 7 independent experiments. Promoter activity is presented as fold increase over the respective control transfection for each mutated promoter. One-way AnOVA was performed followed by student-neuman-Keuls post hoc analysis as appropriate. Values within the same treatment group with different letters are statistically different (P  0.05). 
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The injection of mice with LPS increases TNFα, and IL-6 mRNA and protein content in skeletal muscle, this increase precedes the rise in the plasma IL-6 concentration. [11] [12] [13] An elevation in IL-6 mRNA and secretion is also observed in C2C12 mouse myocytes incubated with LPS, TNFα, and IL-1. However, culturing myocytes with an inhibitor of either TNFα (eg, TNF binding protein) or IL-1 (eg, IL-1 receptor antagonist) does not prevent the LPS-induced increase in IL-6 transcription suggesting LPS directly stimulates IL-6 expression. 13 As enhanced IL-6 synthesis after LPS stimulation was inhibited by an Ikappa kinase (IKK)-2 inhibitor (eg, TPCA-1) and a general proteasome inhibitor (eg, MG-132), such data implicate the need for a functional NF-κB pathway in IL-6 induction in myocytes. In contrast, other studies report that IL-6 mRNA content is induced by MG-132 and suggest that NF-κB-independent pathways may be important for IL-6 transcription as well.
The present studies address the hypothesis that LPSstimulated IL-6 promoter activity in skeletal muscle cells is mediated by both NF-κB-dependent and independent mechanisms. Various known cis-acting elements within the IL-6 promoter and the transacting factors which bind them were investigated. We have found many of the known sites are not involved in the induction of the IL-6 promoter by LPS, TNFα and IL-1α in muscle, and only the NF-κB site was required for induction. Electrophoretic mobility shift assay (EMSA) and Western blot analysis show that the nuclear levels of RelA, but not RelB, are increased by LPS, consistent with earlier reports in other cell types.
Methods

Cells and constructs
C2C12 cells were obtained frozen from American Type Culture Collection (Manassas, VA, USA) and plated directly in one 100 mm plate. The cells were maintained in minimal essential media (Mediatech Inc Manassas, VA) supplemented with 5% fetal bovine serum ([FBS] Mediatech Inc VA, USA) and 5% newborn calf serum ([NCS] Atlanta Biologicals. Lawrenceville, GA) in addition to 100 IU/mL penicillin and 100 µg/mL streptomycin (Mediatech Inc VA, USA). Cells were used between the 4th and the 20th passage, and observed changes were qualitatively similar regardless of passage number.
IL-6 promoter luciferase reporter vectors were generously provided by Dr Oliver Eickelberg. 14, 15 All the vectors contained the IL-6 promoter from -651 to +1 and were either wild-type (IL6-651luc) or contained mutations at the NF-IL6 (mutNF-IL6luc), NF-κB (mutNF-κBluc), AP-1 (mutNF-AP1luc), or NF-IL6/NF-κB sites (mutNF-IL6/ NF-κBluc). The NF-κB-based reporter vector, NF-κB-Luc, was purchased as pNF-κB-TA-Luc from BD Biosciences (San Diego, CA, USA). The constitutively active (CA) and dominant negative (DN) NF-κB pathway effector expression vectors, IKKB-S/E (CA), IKKβ-K44A (DN), IκBα-37-317 (DN), IκBα-S/A (DN), NIK-K/M (DN), p100-SSS/AAA (DN) were kindly provided by Dr Shao-Cong Sun. 16, 17 The dominant negative A-ZIP inhibitor expression vectors, A-CREB, A-C/EBP, A-VBP, and A-Fos were originally obtained from Dr Patrick Quinn (PSU College Medicine, Hershey, PA, USA) with the permission from Dr Charles Vinson, NCI, NIH. 18 All vectors were verified by restriction digest analysis. The transcribed regions of the NF-κB pathway effector expression vectors were also sequenced to verify expression of the correct effector.
Transfection analyses C2C12 cells were grown in 100 mm dishes until ∼80% to 90% confluent, harvested with trypsin/EDTA (Mediatech Inc), reseeded into 6-well plates and used for study after acclimating for ∼2 to 4 hours. During this time a 100 ng/µL lipofectamine solution was prepared in serum free media. The firefly luciferase reporters (3 µg) and expression plasmids (6 µg) were added, as well as a pRL-SV-Luc (Renilla luciferase; Promega Corp, Madison, WI, USA) reporter (3 ng) to correct for transfection efficiency, and the DNA/lipofectamine mixture was incubated at room temperature for 20 minutes. In all studies, an equivalent amount of empty vector plasmid was included in the control myocytes so that each experiment included cells which contained the same amount of DNA. Myocytes were washed once with serum free media and then covered with serum free media containing the DNA/lipofectamine mixture. After incubation of cells (2 hours at 37°C with 5% CO 2 ), myocytes were again washed with serum free media and covered with media containing 5% FBS and 5% NCS, and the cells incubated overnight (22 to 24 hours). In most experiments, treatment (100 ng/mL LPS [Escherichia coli O26:B6], 40 ng/mL TNFα and/or 40 ng/mL IL-1α) was added immediately before the overnight incubation, while in the experiments using MG-132, treatment was initiated the next morning and the cells allowed to incubate for another 22 to 26 hours. Preliminary studies of IL-6 promoter activity demonstrated a comparable effect of IL-1α and IL-1β, and thus all studies were subsequently performed with only IL-1α (data not shown). All drug doses were based on previous results showing effective stimulation of IL-6 synthesis and 11, 12, 19, 20 Cells were harvested with trypsin/EDTA and ruptured at -80°C using Passive Lysis Buffer (Promega Corp) and stored there until analyzed. For analysis the samples were thawed in a room temperature water bath and clarified for 10 minutes (13,000 rpm). The activities of the firefly and Renilla luciferase reporters were measured with a dual luciferase kit (Promega Corp) using either a Turner Biosystems 20/20 luminometer or an ALL Monolight 3010 dual injector luminometer. Each experiment was repeated at least three times with different preparations of plasmids, and data normalization described in each respective figure legend.
Western blotting analyses
C2C12 myoblasts were treated with LPS as described above for 30 minutes and nuclear extracts were prepared by a modification of the method of Hurst et al 21 some of which was described previously. 18, 22 Plates were incubated on ice for 20 minutes after the addition of media to inhibit the trypsin during harvesting. Aliquots were loaded onto two gels and the proteins separated by 7% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in parallel. The separated proteins were transferred from the gels onto polyvinylidene difluoride (PVDF) membranes. 
eMsA and supershift analyses
Nuclear extracts were prepared from C2C12 myocytes 30 min after LPS, as described above. Double-stranded DNA probes for the NF-κB site on the IL-6 promoter (IL-6 NF-κB) TGATTTATCAAATGTGGGATTTTCCCAT GAGTCTCAAT, the mutated NF-κB site (IL-6 mutNF-κB) TGATTTATCAAATGTCTCATTTTCCCATGAGTCT CAAT, a single NF-κB consensus site (1X NF-κB) TGATT TATCAAATGCGGGAATTTCCCATGAGTCTCAAT, three tandem NF-κB consensus sites like those present on NF-κB-Luc (3XNF-κB) TGTAGCGGGAATTTCC GGGAATTTCCGGGAATTTCCAT, and the NF-κB site on the immunoglobulin promoter (IgNF-κB) TGATT TATCAAATGGGGGACTTTCCCATGAGTCTCAAT were first prepared by annealing single-stranded oligonucleotides obtained from Integrated DNA Technologies (IDT; San Diego, CA). The probes were labeled by filling in the overhang with Klenow in the presence of [α-32 P]dCTP. 10 fmol of radiolabeled DNA probe was incubated with 5 µg of nuclear protein for 15 minutes at room temperature, as previously described. 18 The reactions were electrophoresed in a 6% polyacrylamide gel (25 mM Tris, 190 mM glycine, 1 mM EDTA; 150V; 3 h), which was dried and analyzed by autoradiography. For competition studies, 50-fold molar excess of unlabeled double-stranded oligonucleotide was mixed with the radiolabeled probe prior to the addition of nuclear protein. 
statistical analysis
Each experimental condition was tested in triplicate as described above and each experiment was repeated at least three times on separate days. The values are presented as the mean ± SEM. Data were analyzed by either a one-way or two-way ANOVA (using immunomodulator and transfection agent as factors) followed by the Student-NewmanKeuls post hoc test when appropriate (GraphPad Prism ® , version 5, La Jolla, CA, USA). In studies where two groups were compared, data were analyzed by unpaired Student's t-test to determine treatment effect. When necessary, data were logarithmically transformed to normalize the distribution of residuals and to obtain homogeneity as assessed using the Kolmogorov-Smirnov test (InStat Scottsdale, AZ, USA). Differences were considered significant when P  0.05.
Results
nF-κB site mutation inhibits induction by LPs, TnFα and IL-1
NF-κB, NF-IL6 and AP-1 are all involved in cytokineinduced IL-6 transcription in different cell types, and LPS, TNFα and IL-1 can increase IL-6 mRNA and protein expression in skeletal muscle and C2C12 mouse myocytes. 11, 12, 19, 20 Therefore, we transfected C2C12 cells with various IL-6 promoters in which these regulatory sequences were mutated and myocytes subsequently incubated with different inducers. Transfection of myocytes with a luciferase reporter under the control of a wild-type IL-6 promoter (IL6-651Luc), showed an approximately 
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submit your manuscript | www.dovepress.com Dovepress 2-fold induction by LPS, TNFα or IL-1α at the doses used ( Figure 1B ). Both IL-1α and IL-1β stimulated the wildtype IL-6 promoter to the same extent (data not shown) and therefore all subsequent studies were performed with only IL-1α. Simultaneous addition of LPS, TNFα and IL-1α did not significantly increase luciferase activity, compared to values seen with each agent alone. Mutation of the putative NF-κB site abolished induction by all the stimuli examined ( Figure 1C ), while mutation of the NF-IL6 site or the AP-1 site show no such inhibitory effect ( Figures 1D and 1E ). Myocytes transfected with the IL-6 promoter containing either the mutated NF-IL6 or AP-1 site and then incubated with the combination of LPS + TNFα + IL-1α demonstrated a greater increase in activity than cells incubated with each stimuli alone. The mechanism for this exaggerated response was not obvious and was not further investigated. Concurrent mutation of both the NF-κB and NF-IL6 sites abolished LPS-, TNFα-, or IL-1α-induced IL-6 transcription ( Figure 1F ). Cotransfection of the wild-type control IL-6 promoter with A-ZIP inhibitors of CREB, C/EBP, VBP, or Fos did not blunt the LPS, TNFα or IL-1α stimulation of promoter activity (data not shown).
LPs induces IL-6 transcription in the presence of nF-κB pathway inhibitors
We next cotransfected various dominant negative effectors which function at different select points along the RelA or RelB pathways to determine which branch of the NF-κB pathway was involved in regulating IL-6 transcription (Figure 2A ). Although the dominant negative effectors generally increased basal IL-6 promoter activity by 1.5 to 2.2-fold, it is clear that the ability of LPS to increase IL-6 promoter activity was not impaired by any single dominant negative effector examined ( Figure 2B ). The dominant negative constructs IKKB-K44A, IKBα-37-317, and IKBα-S/A, which inhibit the RelA pathway in other cells, 16, 17, [23] [24] [25] [26] [27] [28] [29] [30] did not prevent an LPS-induced increase in IL-6 promoter activity. Dominant negative NIK-K/M and p100-SSS/AAA, which inhibit the RelB pathway, also did not impair LPS stimulation. Furthermore, simultaneous inhibition of both the RelA and RelB pathways by cotransfection with either IKKβ-K44A + NIK-K/M or IκBα-S/A + p100-SSS/AAA also did not prevent the LPS-induced increase in IL-6 promoter activity ( Figure 2B ). In contrast, the presence of either a single RelA pathway inhibitor (IKKB-K44A, IKBα-37-317 or IKBα-S/A) or a RelB pathway inhibitor (NIK-K/M or p100-SSS/AAA) reduced NF-κB luciferase activity to basal levels ( Figure 2C ).
Constitutively active nF-κB pathway effectors increase IL-6 promoter activity
To investigate whether the putative NF-κB site in the IL-6 promoter is functionally involved in NF-κB stimulating IL-6 transcription, we cotransfected a constitutively active RelA pathway effector (IKKB-S/E) along with either the wild-type or the mutated NF-κB site IL-6 promoter. The presence of the constitutively active IKKB increased IL-6 transcription approximately 2-fold more than LPS, TNFα or IL-1α stimulation of the wild-type promoter (Figure 3) . No further increase in activity was detected in IKKB-S/E transfected myocytes incubated with these immunomodulators. The stimulatory effect of IKKB-S/E and/or cytokines was not observed when the putative NF-κB site was mutated (Figure 3) .
Dominant negative nF-κB pathway effectors increase IL-6 promoter activity
As activation of the RelA pathway increased IL-6 promoter activity, inhibition of the pathway was expected to reduce activity. However, the dominant negative IKKB (eg, IKKB-K44A) also increased basal IL-6 promoter activity ( Figure 4A ). Furthermore, activity was increased approximately 2-fold more by addition of LPS, TNFα or IL-1α to cells transfected with IKKB-K44A. Mutation of the NF-κB site had no effect on the increase produced by IKKB-K44A under control conditions, but prevented the stimulatory effect of the immunomodulators.
To determine the potential role of RelB, myocytes were transfected with a dominant negative NIK construct (eg, NIK-K/M). Similar to transfection of myocytes with the dominant negative IKKB, cotransfection with NIK-K/M increased IL-6 promoter activity ( Figure 4B ). This enhanced response was further increased approximately 2-fold by the presence of LPS, TNFα or IL-1α. Again, mutation of the putative NF-κB site had no effect on the basal increase observed by NIK-K/M, but prevented promoter stimulation by immunomodulators.
To examine the possibility that inhibition of either the RelA or RelB pathway was overcome by compensatory activation through the alternate pathway, cells were cotransfected with both IKKB-K44A and NIK-K/M. The presence of both dominant negative effectors increased basal IL-6 transcription and this increase was not affected by mutation of the putative NF-κB site ( Figure 4C ). However, addition of LPS, TNFα or IL-1α, which further increased IL-6 expression in the presence of the NF-κB pathway effectors, had no additional effect when the putative NF-κB site was mutated. Figure 2 effect of cotransfecting dominant negative nF-κB pathway effectors on LPs induction of IL-6 or nF-κB-based promoters. A) Diagram of the known nF-κB pathways indicating the point of inhibition by the dominant negative effectors. B) C2C12 myocytes were cotransfected with the indicated dominant negative expression vector(s) and a luciferase reporter under the control of the wild-type (WT) IL-6 promoter (IL6-651Luc) in the presence or absence of LPs as described in methods. C) C2C12 myocytes were cotransfected with the indicated dominant negative expression vectors and a luciferase reporter under the control of a wild-type nF-κB-based promoter (nF-κBLuc) in the presence or absence of LPs as described in methods.
Notes:
The results shown represent the mean ± seM of 4 independent experiments. Promoter activity is presented as fold increase over the wild-type control transfection under basal conditions. Data from each treatment group were analyzed separately by unpaired student's t-test to determine treatment effect. *P  0.5, compared to control value from the same treatment group. 
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Proteasome inhibition does not alter LPs-induced increase in IL-6 promoter activity
Myocytes were incubated with the general proteasome inhibitor MG-132 to inhibit all Rel pathway activity. Similar to our findings using the dominant negative NF-κB inhibitors, the presence of MG-132 increased basal IL-6 promoter activity and LPS further induced activity in the presence of MG-132 ( Figure 5A ). This effect of MG132 was also seen when cells were cotransfected with IKKB-K44A ( Figure 5B) . However, the near additive effect of MG-132 and LPS was not seen when myocytes were cotransfected with NIK-K/M, even though we observed an induction with each separately ( Figure 5C ). The lack of an additive effect was also evident in myocytes cotransfected with both IKKB-K44A and NIK-K/M ( Figure 5D ).
LPs increases RelA in nuclear extracts
The aforementioned data suggest that although the canonical NF-κB pathways are not necessary, the NF-κB site is required for LPS or cytokine induction of the IL-6 promoter. Therefore, we assessed whether LPS increased nuclear translocation of either RelA or RelB which is necessary for generation of the biological response. Cells were treated with LPS for 30 minutes, after which time nuclear extracts were prepared and analyzed for RelA and RelB by Western blotting analysis. LPS increased the nuclear content of RelA severalfold, while the levels of RelB were not increased above time-matched control values ( Figure 6 ). Similar increases in nuclear translocation of RelA were seen in response to TNFα and IL-1α (data not shown).
eMsA binding site competition and supershift analysis
We next performed EMSA with nuclear extracts using probes containing either the IL-6 NF-κB site (IL-6 NF-κB), the mutated IL-6 NF-κB site used in the transfection experiments (IL-6 mutNF-κB), a consensus NF-κB site (1X NF-κB), three tandem NF-κB sites consistent with those in the NF-κB-Luc promoter used in the transfection experiments (3X NF-κB), and an immunoglobulin NF-κB site (Ig NF-κB). A single band is present using the IL-6 NF-κB probe when uninduced (eg, no LPS) which is not observed when using any of the other probes ( Figure 7A ). However, a single higher migrating band was detected bound to the IL-6 NF-κB, 1X NF-κB, 3X NF-κB, and Ig NF-κB probes Figure 7A ). The strongest binding was seen with the 1X NF-κB and 3X NF-κB consensus sequence probes, with a lesser amount bound to the IL-6 NF-κB and Ig NF-κB probes. No binding was observed using the IL-6 mutNF-κB probes. Binding to the other probes was similarly competed with NF-IL6 and 1X NF-κB competitor oligonucleotides suggesting a similar protein complex is likely to have been formed on all the probes.
To investigate the protein(s) binding to the different NF-κB binding sequences, antibodies to RelA, RelB, CREB, C/EBPα, and C/EBPβ were obtained and used in EMSA supershift experiments. The addition of RelA antibodies caused a loss of the higher migrating band formed on the IL-6 NF-κB and 1X NF-κB probes when induced with LPS. These data suggest this band is p65/RelA ( Figure 7B ) and are consistent with our results of increased nuclear RelA levels with LPS induction. A slight 
Notes:
The results shown represent the mean ± seM of n = 4 independent experiments. Under control conditions, IL-6 promoter activity was 2-to 3-fold greater in the myocytes transfected with IKKB-K44A, NIK-K/M or the combination (data not shown), as previously illustrated in Figures 3 and 4 . In this figure, promoter activity is presented as fold increase over the respective control transfection within each treatment group. One-way AnOVA was performed followed by student-neuman-Keuls post-hoc analysis. Values within the same treatment group with different letters are statistically different (P  0.05). 
Discussion
Skeletal muscle is one of the largest organs in the body accounting for approximately 45% of total body weight.
As such, it represents a major reservoir of circulating amino acids to support the acute phase response to infection and traumatic injury. Moreover, it is now well accepted that skeletal muscle has important immune functions and myocytes, like other more traditional immune cells, process both afferent and efferent limbs of the innate immune system. That is, because of the presence of various toll-like receptors and cytokine receptors these myocytes respond to a large number of endogenous and exogenous immune mediators as well as substances released in response to tissue injury. 1, 2 In turn, 
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submit your manuscript | www.dovepress.com Dovepress once stimulated, these myocytes synthesize and secrete a wide array of inflammatory mediators which are at least under partial control by NF-κB. These mediators can affect the immune and metabolic response of the host in both a classical endocrine manner as well as via an autocrine/paracrine mechanism. IL-6 is one of the predominant proinflammatory cytokines released both by skeletal muscle in vivo and myocytes in vitro after appropriate stimulation. [11] [12] [13] Hence, a greater understanding of the transcriptional regulation of this cytokine in muscle per se is of importance.
In the current study we show the putative NF-κB binding site is necessary for IL-6 induction by LPS, TNFα and IL-1α in C2C12 myocytes thereby extending reports in other cell systems. 7, 13, [31] [32] [33] [34] [35] Furthermore, the ability of LPS to activate the IL-6 promoter appears independent of the NF-IL6 and AP-1 sites. Our data also demonstrate that these immune modulators increased NF-κB activity by increasing the nuclear content of RelA, but not RelB. As expected, constitutive activation of the NF-κB pathway increased IL-6 transcription to the cytokine-induced level, consistent with -- Figure 7 Effect of binding site competitors and factor specific antibodies on protein-DNA complex formation on various NF-κB site probes. nuclear extracts were prepared from LPs-treated C2C12 myocytes and incubated with 10 fmole of radiolabeled nF-κB site probe, in the presence or absence of the indicated competitor oligonucleotides (panel A) or factor-specific antibody (panel B). The binding reactions were electrophoresed on a 6% native polyacrylamide gel to produce this autoradiograph. Results of a typical experiment are shown. similar results were obtained with independent preparations of nuclear extracts. 
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the involvement of the NF-κB pathway. However, our data suggest that IL-6 transcription may be regulated through an alternative mechanism when the RelA pathway is inhibited or, alternatively, that the dominant negative plasmids induce IL-6 promoter activity from either the NF-IL6 or AP-1 sites as a result of the accumulation of some intercellular mediator. Contrary to expectations, inhibiting RelA and RelB pathways, either individually or in tandem, using dominant negative upstream kinases or the general proteasome inhibitor MG-132 had no effect on the ability of LPS to stimulate the IL-6 promoter. These data suggest that NF-κB per se is not involved in the induction of IL-6, at least at the time point studied. Therefore, we speculate that some other factor may be involved in regulating IL-6 transcription by binding to the putative NF-κB site within the IL-6 promoter and stimulating the formation of a transcription complex. 36, 37 Data from our EMSA supershift analysis revealed that RelA binds weakly to the putative NF-κB site in response to LPS. However, a different protein also appears to bind to that site, but not to a consensus NF-κB site. The binding of this unknown protein to the putative NF-κB site in the IL-6 promoter was only observed in the uninduced basal state. This finding may suggest the factor acts as an inhibitor preventing the binding of an NF-κB protein until its nuclear level increases upon induction. Alternatively, these data might suggest RelA becomes phosphorylated, translocates to the nucleus and has a greater ability to interact with CBP and RNA polymerase II to enhance transcription. Further investigations are necessary to identify the unknown protein and additional regulatory sequences, as well as to determine how this putative factor functions within myocytes to regulate IL-6 transcription. It has been previously reported that both NF-κB and NF-IL6 are required for LPS and cytokine induction of the IL-6 gene in monocytes. 7, 38, 39 However in myocytes, mutation of the NF-IL6 binding site had no effect on IL-6 promoter activity and only the loss of NF-κB binding abolished LPS and cytokine induction. Also the presence of an A-ZIP inhibitor for C/EBPβ had no effect on the induction of the IL-6 reporter. Interestingly, both NF-κB and NF-IL6 binding sites are required for hypoxia-induced IL-6 expression in cardiac myocytes, 40 suggesting that different inducers regulate IL-6 transcription by different mechanisms in different cell types.
Overall, the current data show activation of the IL-6 promoter by inducers which are typically present during infection or injury does not use the canonical NF-κB pathways, even though the putative NF-κB binding site in the IL-6 promoter is required. We also show that a protein that is neither RelA nor RelB can bind to this site. Therefore, either an unrecognized NF-κB pathway exists in myocytes or a non-NF-κB factor binds to the site to induce complex formation. Additional studies are needed to resolve these or other possibilities.
